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8.1 INTRODUCTION

Toxicity testing m support of a risk assessment process for determining the potential impacts of chemicals to
pollinator insects, and, more specitically, honey bees has typically mvolved both laboratory and field studies.
Imtially, tests are conducted thatare mtended to serve as a screen for whether a chemical represents a potential
hazard. These tests are typically labotatory-based studies conducted on individual bees and are intended to
provide conservative estimates of toxicity based on acute exposures of individual organisms under highly
controlled environmental conditions. Based on the hkelihood of exposure and the degree of sensitivity of
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the test species in the initial laboratory tests, higher-tiered tests may be required to understand whether the
cffects observed m laboratory studies conducted on individual mnsects extend to the colony/population level
under environmentally relevant exposure conditions.

For reasons discussed earlier, testing to determine the potential effects of chemicals on non-target orgamsims
has typically relied on the use of surrogate test species. Selection of a susrogate species must consider
the availahility of the species and 1tz abihty to thrive under laboratory testing conditions. As such, the
husbandry and environmental needs of the test species must be documented so that tests can be readily
conducted and reproduced or rephicated. Ideally, the test species should be a relatively sensitive indicator of
toxicity; however, 1t 15 generally recognized that the test species 18 unlikely to be the most sensitive of alf
species it1s intended to represent. Although the Furopean honey bee (dpis mellifera) has been used extensively
in testing chemicals for potential effects, 1t 15 recogmzed that its biclogy s different from non-dpis bees (e.g.,
solitary bees) and other pollinating insects and that these differences may translate into significant differences
in how the organism may he exposed and affected. The extent to which data from any surrogate test species
are considered biased can only be clucidated through equally nigorous studies using other species.
Currently, data for non-Apis bee species are limited; however, differences in the sensitivity of Apis and non-
Apis bees may not be as pronounced as differences m potential exposure between honey bees and non-Apis
bees. As an example, solitary ground-nesting bees of smmilar sensifivity to honey bees may be more
vulaerable to exposure to soil treatments compared to honey bees.

The ntent of toxicity tests 13 to provide measurement endpoints that can be used to assess the adverse
effects from exposure to a particular stressor, for example, pesticides. Endpoimts measured at the mdividual
fevel are mtended to provide msight on effects that are hikely to mwipgct entire populations or communitics.
In doing so, measurement endpoints drawn from laboratory-based tests should be readity hinked to
assessment endpomts (1.c., impaired survival, growth, or reproduction) that, 1 turn, are limked to protection
goals. These assessment endpoints relate directly to mamtenance of insect pollinators at the population or
community level

To ensure greater consistency in toxicily testing acrosa chemigals, regulatory authorities have established
guidelines that outline study design elements that should be considered, as well as the nature of data to be
collected. To conserve resources (i.c., focusing resources whete they are most needed), and bmit the number
of apimals required for testing, regulatory authorities have approached ecological risk assessment in a tiered
manner. Laboratory-based studies (Tier 1), which can.be conservative, relatively rapid and econommcal, are
the first tier in evaluating chemicals for their potential (toxic) effects. Tier 1 tests provide an understanding
of acute lethality and potential sublethal effocts: This wnformation should guide the decision of the assessor
whether additional testing 1s needed. I, based on the outcome of Tier | laboratory-based studies, more refined
studies are required, then their design should be mformed by the Tier 1 study. A higher-tier study, such as
a semi-field study, should be designed to answer questions identified in the lower-tier study(ies), which are
Iimited. As such, a hinkage should begin to he drawn between different tiers, that 1s, as moving from studies
that look at the mdividual to studies that begmto look at the colony, and ultimately locok at the colony in an
environmentally realistic setting.

Considerable testmg has been conducted with honey bees under relatively standardized conditions
resulting 1 a sizeable database on the gcute contact toxicity of a wide range of chemicals. This toxicity
data generated through relatively standardized testing enables risk assessors to compare the relative toxicity
of chemicals to bees across chemical classes with highly divergent modes of action. Workshop participants
believed that since Tier 1 laboratory studies often serve as the basis on which further testing 15 or i3 not
required, these studies are rehied upon to be accurate, mformative, and efficient. Further, studies must be
designed and harmonized to provide the highest quahty data with the least amount of variability. This
chapter provides an overview of existing toxacity tests and thew strengths and weaknesses and discusses
proposed modifications to existing studies, or additional studies that could address lhimitations in the
current battery of studies,
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8.2 OVERVIEWOF LABORATORY TESTING REQUIREMENTS AMONG
SEVERAL COUNTRIES

8.2.1 Overview or Howev Bee LaBoraTory TESTING IN THE EvrRoPEAN UNioN

Regulatory agencies 1n different world regions have developed varied approaches and requirements for
hazard test results used m ecological risk assessment to evaluate the potential hazard of pesticides to honey
bees. The requirements for regulatory testing on honey bees 1n the European Union (EU) can be found m
Anpex I and I of EU Directive 91/414, and additional regulatory guidance has alse been provided
(SANCO 2002; OECD 2007, EPPO 2010, 2011 A new EU regulation (EC 1107/2009), intended to
replace EU Dective 91/414, was published m October 2009, bu the data requirements and risk assessment
criteria to support this new directive have not been established.

European testing has always followed a sequential testing scheme, that 15, starting with laboratory-hased
testing and then moving on to higher-tier studies if warranted. Where there 15 only one route of exposure {e.g.,
oral exposure in case of soil application of systemic products), the acute testing can be restricted to that route
(i.c., contact or oral). Since oral exposure can be a relevant route of exposure for systemic products
apphied as a seed dressing, the acute oral toxicity of such subtances has to be determined. However, n
recent years, mformation and neidents have mdicated that contamipated dust associated with planting
pesticide treated seed is an exposure route that should be considered (Alix et al,, 2009; Forster, 2009,
Pistorius et al., 2009). In such a case, potential routes of exposure would mnclude oral contact and, therefore,
effects testing would be required to account for both routes of exposure. Acute tests with the formulated
product, that is, active ingredients (a.1.) plus merts, are reguired if the product contams more than one
active substance, or if the toxscity of a new formulation cannot be reliably predicted to be either the same or
lower than a tested formmulation (EU 91/4143.

In the EU, regulatory authorities may require a bee brood feeding test to assess polential havard of a
pesticide on honey bee larvae. Currently, this testing must be carried out when the active substance may act as
an msect growth regulator, or when available data indicate that there are effects on development at immature
stages. Larval testing may be carried out according 1o the method described by Oomen et al. (1992} in whach
colonies are fed pesticide concentrations in sugar syrup. Dose levels used m this test should reflect maximum
fevels (of active substance) expocted 1 the applied product.

If results of either the adult or larval tests indicate that a presumption of minimal risk cannot be made,
then further testing such as a semi-field or field testing 15 tniggered m order to determine whether any toxicity
1s observed under realistic exposure conditions. QECD guidance document No 75 (OECD, 2007) and EPPO
170 (EPPO. 2011) provide recommendations on testing honey hee brood under semi-field and field
conditions.

8.2.2 Overview of Hongy Bre LaporaTory TesTmG For REGULATORY PURPOSES

N NORTH AMERICA

Sumilar to the EU, North Amenca (United States Eavironmental Protection Agency (USEPA), and Canada’s
Pest Management Regulatory Agency (PMRA)) employs laboratory-based tests as a first step for evaluating
the potential toxicity of chemicalsto macct pollinators. The USEPA’s data requirements for mmsect polhmator
testing are defined in the UUS Code of Federal Regulations 40 (CFR 40 2012). Similar to the European
process, the North American process also follows a tiered approach.
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Tier 1 consists of an acute contact toxicity test with young adult honey bees; (USEPA, 2012a). Until
recently, the USEPA has typically required just the acute contact toxicity test; however, in efforts to better
harmomize with its counterparts in Canada and Furope, and in recognition that exposure occurs through
ingestion of pesticide residues as well as through contact, the United States has begun to require oral
toxictty tests consistent with OECD (OECD, 1998b). Higher tier studies may be required if the resulis of the
acute toxicity tests indicate that the LD50 <11ug a.i/bee toxicity, and/or if other lines of information, such as
data in the open hiterature and meident data mdicate that additional information 13 needed.

Currently, higher tier tests include laboratory-based toxicity of residues on fohage test (USEPA, 2012b)
and feld-based polimator stady (USEPA,
2012¢). The toxicity of residues on foliage test 13 based on the work of Johansen et al. {1977) and Lagier
et al. (1974) and 1s mtended to provide data on the residual toxicity of a compound to honey bees. In this
study, the test substance i3 applied to a sample of crop material (alfalfa is preferred) at the typical label rate
and placed i with caged test bees, which forage on the treated plant material. Mortahty and adverse effects
are recorded after 2, &, and 24 howrs of exposure to the treated foliage. If the mortality of bees exposed to
24-hour-old residues is greater than 25%, sampling 15 continued at 24-hour mtervals until mortality of bees
exposed to treated foliage 13 not sigmificantly greater than the controls.

Beyond the toxicity test of residues on foliage, if any of the following conditions are met, EPA may require
a pollinator ficld stady (USEPA, 1996):

Data from other sources (e.g., open hiterature, beekill incidents) indicate potential adverse effects
on colonies, especially effects other than acute mortahity (reproductive, behavioral, ete.).

Data from toxicity of residue on foliage studies indicate extended residual toxicity.

Data derived from stadies with terrestrial arthropods other than bees indicate potential chronic,
reproductive, or behavioral effects.

Field pollinator testing is mtended to examine the potential effects of a chemical on the whole honey
bee colony, and the nature of these studies 18 discussed in Chapter 9. USEPA testing requirements stipulate
the use of techmcal grade active ingredient (punity >95%) 10 acute contact toxicity tests; while higher-tier
tests are typically conducted using the formulated produet,

h
8.3 UNCERTAINTIES IN CURRENT TESTING PARADIGMS

Laboratory-based acute toxicity testing of honey beesiin the Unrted States has not formally included studies
examiming the poteniial effects of pesticides on honey bee larvae (brood). In addition, while test guidelines
stipulate that sublethal effects myust be reported in acute tests, the typical endpoint reported from these tests is
the median lethal dose (L.D50) and rarelyas @ median effect concentration (EC50) based on sublethal effects
reported. Given that the current US test giudelines are designed to yield regression-based endpoints, that 13,
LD, values, endpoints such as no-observed-adverse-effect concentrations (NGAEC) and lowest-observed-
effect concentrations (LOAEC) which require hypothesis testing are not likely attanable since treatments are
not sufficiently rephicated.

Also, as noted earlier, under the US testing process, the honey bee 1s used as a surrogate for other pollinator
insects and for terrestrial invertebrates. In the EU, however, specific test guidelines are available for examining
the effects of pesticides on non-target arthropods and beneficial insects based on the ESCORT 2 guidance
(Candolfi et al., 2000) mdependent of the studies examinng toxicity to honey bees. Uncertainties regarding
the use of honey bees as surrogates for other non-Apis bees were identified at the Workshop. These
uncertamties are centered om the fact that the life lustory and social biology of honey bees are signmificantly
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different from those of other bees and arthropods. At this time, there are insufficient data to determine whether
or not honey bees serve as reasonable surrogates for other non-Apis bees or msect pollinators 1 general Gee.,
whether laboratory studies conducted with 4. mellifera provide endpoints sufficiently protective of the range
non-Apis bees or other insect polhnator msects and/or terrestrial invertebrates). However, it was noted by
Workshop participants that since laboratory studies are intended to examine the intrinsic toxicity of a
chemical to a particular test orgamism, differences in the hiology of the test organism relative to those
species for which 1t 18 intended to serve as a surrogate may not be critical. Table 8.1 provides a comparison

by regulatory authorities in the BU and United States.

8.4 LIMITATIONS AKD SUGGESTED IMPROVEMENTS FOR TIER 1 TESTING
8.4.1 Apvir A Merorersa WorgER AcutE Toxicrry

Exposure of honey bees can be from direct overspray while the bees are foraging, by contact with contanunated
surfaces of the plant, or by mitake of contaminated pollen and nectar. The hazard posed by short-term exposures
can be assessed using acute toxicity tests. As discussed in the preceding section, acute honey bee testing
under laboratory conditions has been conducted for some time according to several different test guidehnes
and published methods (EPPO 2010a; SETAC 1995; Stute 1991; USEPA 2012a). Workshop participants
considered the OECD test guidehmes (OFECD, 1998a, 1998b) to be the meost detailed of those available for
assessing the acute toxicity of pesticides to honey bees for the reasons presented below.

Acute honey bee tests performed according to OECD guidehnes-(OECD 19982, 1998h), can be designed as linut tests or as
dose-~response studies (with a minimum of five doses and a munimum of 3 replicates of 10 bees at each dose). The bees are held
under controlled temperature and humidity conditions while mortality and behavior is monitored for a mimimum of

48 hours (this is extended if effects are prolonged). The reported data include the LD50 (with 95% confidence
lirats), at 24 hours, 48 hours and, if relevant 72 hours and 96 hours time points (in pg test substance per bee),
the slope of dose-tesponse curves, and any other observed abnormal bee responses. Both tests include hoth
a control (treated with the same concentration of solvent as m the treated doses) and a toxic standard (e,
dimethoate) with defined acceptance criteria.

The acute contact test (OECD, 1998b) mvolves divect application of the test substance {active mgredient

or formulation), usually as a 1 pL drop, diluted m an organic solvent or water as required, applied
directly to the dorsal thorax of the bee. Among the advantages of the acute contact test guidelines are:

rephication (at least three replicates);

no in-hive treatments for 4 weeks prior to use m a study are permutted;
higher number of test organisms is specified (30 bees);

preseriptive environmental conditions;

stringent control mortality is specified (10%);

a toxic standard 18 required and vahdity criteria are stated: and,

test duration 1s prolonged 1n case of delayed effects.

There is only one mternationally accepted oral acute toxicity test guideline (OECD, 1998a). The test is
similar 1n design to the acute contact toxicity test described above, but consists of group feeding. Caged
seplicate bees are fed a known volume of treated sucrose solution over a maximum period of 6 hours and
then untreated sucrose 18 supplied ad libifum.

o

ED_013166_00000583-00005



 BLBS145-c08

8¢

BLBS143-Fischer

Printer: Yet to Come

TABLE 8.1

February 24, 2014 6:30

Pesticide Rask Assessment for Pollinators

Comparison of Acute Contact Test Guidelines (OECD 244-and EBAL
Oral Test Guideline (OECD 2435

Status and

background

Test species and
test
organisms

Test cages

Handling,
feeding,
preparation

OECD 234-(Acute
Contact)

Adopted Septerber 21, 1998

Based on EPPO GL 170
(1992} and nuprovements
considered made by
ICPBR (1993)

Other GLs considered:
SETAC (1995), Stute
{(BBA) (1991), EPA
OPPTS 850.3020 (2012a)

Young, healthy, adult worker
hees (Apis mellifera),
same race, similar age and
feedmg stage. trom
queen-right colony, known
history

Bees collected from frames
without brood are suitable

Bees should not have been
treated chemically for at
least 4 weeks

Clean and well-ventilated,
made of any appropriate
material, for example,
stainless steel, wire mesh,
plastic, disposable wooden
cages

Groups of 10 bees

Food-ad libifum—as sucrose
solution (50% w/v),for
example, via glass feeders

Bees may be anaesthetized
with carbon dioxide (€0
or nitrogen (N,) for
application. Amount
should be minimal

Moribund beesshouldhe
rejected before testing

EPA OPPTS 850.3020
{Acute Contact)

Public draft April, 1996
Based on OPP 141-1 (1982}

Young test bees, 17 days old
(4. mellifera). may be
obtained directly from
hives or from frames kept
in an incubator; from same
source

Test chambers niay be
gonstructed of metal,
plastic, wire mesh, or
cardboard, or a
combination of these
materials

Groups of at least 25 bees

A 50% sugar/water solution
should be provided ad
libitum {purified or
distilled water should be
used)

Bees may be anaesthetized
with carbon dioxide (CO,)
or nitrogen (N, ) for
application

b and Acute

h

GECDH 213 (Acute Oral)

Adopted September 21, 1998

Based on EPPO GL 170
{1992 and mprovements
considered made by
ICPBR (1993)

Other GLs considered:
SETAC (1995), Stute
(BBA) (1991), EPA
OPPTS 850.3020 (199%)

Young, healthy, adult worker
bees (4. mellifera), same
race, sunilar age and
feeding stage, from
queen~-right colony, known
history

Bees coliected from frames
without brood are suitable

Bees should not have been
treated chemically for at
least 4 weeks

Clean and well-ventilated
made of any appropriate
material, for example,
stainless steel, wire mesh,
plastie, disposable wooden
cages

Groups of 10 bees

Food-ad {ibinum—as sucrose
solation {50% w/iv), for
example. via glass feeders

Feeding system should allow
recording of food mntake
(e.g., glass tubes 50 mm
long, 10 mm wide, and
narrow end)

Bees may be starved for up
io 2 howrs betfore test
mitiation

Moribund bees should be
rejected betore testing
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TABLE 8.1
{Continued)

Solvents

Test and control
SroupSs

Limit test

Toxic standard

OECD 214 {(Acute
Contact)

Test substance apphed as
solution in a camrier, that
1%, organic solvent—
acetone preferred-—or a
water solution with a
{conmmmercial) wetiing
agent

Two separate control groups,
that is, water and solvent
/dispersant

Normally five doses in
geometric series with a
factor < 2.2 covering the
range of LD50 for
definitive test
{ranger-tinder proposed)

Mmimuom of three replicates
with 10 bees for each dose
rate and control (Mimimum
of 30 bees for each dose)

Max. < 10% control
mortality at test end

100 pg a.i./bee m order to
demonstrate that the 11350
1% greater than this value

At least 3 dose rates with 3
# 10 bees io demonstrate,
for example, the taxic
standard, dimethoate, 1s
within the reported coptact
LD30 of 0.10-0.30 g
a.r/bee (Goughtal,
1994). Gther toxic
standards are aceeptable

EPA OPPTS 850.3020
{Acute Contact)

A solvent1s generally used to
administer the test
substance. The solvent of
choice 1s acetone {or other
volatile organic solvents)

Tvo concurrent controd
groups, that is, water and

solvent {or carrier) control

A minimum of five dosage

geometrically.
Recommmended spacing for
cach dosage Tevel 1o be at
least 66% of the next

mgre dosages should
result between 0 to 100%
mortality

Minimum of 25 bees for

cach'dosage
Max. < 20% control
mortality during the test
25 11g a.1/bee in order to
demonstrate that the L350
18 greater than this value

A concurrent positive control
i wed

ard is

A lab stand
recommended; also when
there is a significant
change in source of bees

OFECD 213 (Acute Oral)

Test substance applied as
50% sucrose solution i
a carrier, that s, organic
solvent {e.g., acetone),
emuisifiers or
dispersants at low
concentration up to
max 1% should not be
exceeded

Two separate conirol
groups, that is, water

and solven

spersant

Normally five doses in
geometric series with a
factor <2.2 covering
the range of LD50 for
defimnitive test
(ranger-finder
proposed)

Minimum of 3 replicates
with 10 bees for each
dose rate and control
{Mintmum of 30 bees
for each dose)

Max. < 10% control
mortality at test end

100 pg a.1./bee in order to
demonstrate that the
L1350 is greater than
this value

At least three dose rates
with 3 < 10 bees to
demonstrate, for
example, the toxic
standard, dimethoate, is
within the reported
contact L350 of
0.10-0.35 pg ai/bee
{Gough et al.,, 1994).
Other toxic standards
are acceptable

(Continued)
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TABLE 8.1
{(Continued)

Eaposure

(hbservations

Diata reporting

OECD 214 (Acute
Contact)

1 pil. per bee applied on
dorsal side of thorax
(higher volumes, if
justified) via
micro-applicator

Terperature: 25 + 2°C

Relative humidity: 50-70%

Test duration: 48 hours

(If mortality increases by
>10% between 24 hours
and 48 hours, the duration

is prolonged to maximally

96 hours provided that the
control does not exceed
109%)

Mortality at 4 hours, 24
hours, 48 hours, and
potentially at 72 hours and
96 hours

Abnormal behavioral effects
during the test period
shouid be recorded

Range-findmg data

L1350 plus 95% confidence
lumits, that s, at 24 hours,
48 hours and, if relevant
72 hours and 96 hovrs (in
pg test substance perbee)
and slope of curves

Mortality statistics {e.g.,
probit analysis.
MOVINg-average,
binonunalprobability)

Other biological effects and
any abnormalbee
Tesponses

Deviations from test
gudeling

EPA OPPTS 850.3020
{Acute Contact)

5 pb per bee should not
exceeded
Temperatore: 25-35°C
Relative humudity: 50-80%
Test duration: 48 hours

Mortality at 4 howrs, 24
houss, 48 hours

All sig ntoxication and
other abnormal'behavior
{e.g. ataxia, lethargy,
hypersensitivity) during
the test period should be
recorded

Q

Range-finding data
LS50 plus 95% confidence
limats, that is, at 24 hours,

48 hours, and slope of
curves, goodness-of-fit test
resuits

Mortality statistics (e.g..
probit analysis,
MOVINg-average,
binominal probability)

Signs of mtoxication and
other abnormal behavior

Deviations from test
guideline

OECD 213 {Acute Oral)

100200 pl. per 10 bees of
50% sverose solution
water {or higher) provided
for 3-4 (max. 6) hours

Amount consumed 13
measurad

Temperatare: 25 + 2°C

Relative humidity: 50-70%

Fest dwration: 48 hours

(If mortality increases by
>10% between 24 hours
and 48 hours, the duration
is prolonged to maximally
96 hours provided that the
control does not exceed
10%)

Mortality at 4 hours, 24
hours, 48 hours, and
potentially at 72 hours and
96 hours

Amount of diet consumed
per group should be
measured to determine
palatability of diet

Abnormal behavioral effects
during the test period
shouid be recorded

Range-findmg data

LD50 plus 95% contfidence
limits, that 1s, at 24 houwrs,
48 hours, and if relevant
72 hours and 96 hours (in
g test substance per bee)
and slope of curves

Mortality statistics (e.g.,
probit analysis,
MOVINng-average,

bimonnnal probability) Other
biological effects and
any abnommal bee
TESPONSeS

Deviations from test

guideline
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sroup feeding can be used to administer the dose of test substance because honey bees exhibit trophallaxis,
i.e., the transfer of food among colony members; the applicability and repeatability of this 13 demonstrated
by the toxic reference chemical (e.g., dimethoate), which 1s stable within a testing facility. Some pesticides,
such as pyrethroids, are repellent and the total dose may not be consumed, so careful monttoring of the
mtake of the test substance per bee 13 required.

Participants of the Workshop discussed the limited number of cases which would compel specific deviations
from the OFECD acute test puidelmes, such as when working with the Africanized bee (Nocells, personal
communication). However, changes n study design can affect outcomes and reliability of the resultng data.
Before data generated from modified study designs can be used reliably i risk assessment, the methodology
and the resulting data should undergo a separate validation exercise (e.g., deternunation of appropriate foxic
reference and control data).

8.5 ADULY ORAL CHRONIC TOXICITY—APIS BEES

Undertaking an adult oral chronic toxicity study is a refinement step in the proposed risk assessment scheme.
Currently, there 15 no standardized guideline for chronic toxicity testing with hees, but method proposals
and smdy design elements from acute toxicity tests which may be applicable to longer-term studies can be
found m a number of publications (Schmuck 2004; Suchail et al. 2001; Moncharmont et al. 2003;
Ahouane et al. 2009; USEPA, 2012a). While a detailed hist of design elements m a chronic toxieity test can be
found in Appendix 1, Workshop participants also identified the factors below as considerations:

There 13 no standardized duration for the study considering that the longevity of honey bees differs
between summer and winter. However, if the study aims at representing the typical exposure period
of a forager on plants, then a 10-day period will cover most of the cases. Indeed, these bees will have
already reached 14 days of age prios to being recruited as foragers, that 13, the last activity of female
worker bees. For summer bees, with their shorter life span and greater likelihood of heng in the
immediate vicinity of a treated crop, it 13 unlikely that their lifespan would last any longer than 10
days on the treated crop. Should the treated crops not be 1n their immediate vicinity, then it 1s hikely
that exposure will take place over a more himited period as the number of possible foraging trips per
day declines as the distance increases. It is currently recommended that the study be performed over
a10-day duration to ensure the most hikely constant exposure perted as well as hagh control survival
(longer study durations may result in reduced control survival that can himit the ability of the study
to detect treatment effects).

To achieve a 10-day study duration, a mixed pollen (protein source) and sucrose {carbohydrate
source) diet may be required.

Some pesticides may mduce reduced food mtake due to repellency (e.g., pyrethroids) and the
longevity of the bees may be affected by the reduced food mtake due to repellency rather than
reflecting a toxic effect of the pesticide. Thercefore, food mtake has to be assessed in parallel with
mortality on a daily basis. The pattern of exposure may atfect the observed toxicity for example, a
single dose per day versus continuous exposure. Contintious exposure could mean: 1) dosed dict ad
libitum or, 2) a fixed amount of dosed diet daily (e.g., 2 hours plus untreated diet during the rest of
the time). Research is still underway to determine which approach is most appropriate.
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8.6 HONEY BEE BROOD TESTS IN THE LABORATORY

The in vitro honey bee brood test provides quantifative oral or comtact toxicity data on larvae for active
ingredients or formulated products. These data should be used 1n an appropriate brood risk assessment
scheme. fn vizro larvac tests have been developed by Rembold and Lackner (1981) and used for the assessment
of pesticides by Wittimann (1981). Some vears later, Aupinel et al. (2005) improved this method in several
aspects. Participants of the Workshop discussed brood tests, specifically the study design by Aupinel et al.
(2005), and weighed further design considerations and improvements—A  detailed hist of suggested
modifications to the Aupinel et al. study design can be found m Appendix 2.

8.7 ADULT TOXICITY TESTING WITH NON-APILS BEES

As discussed previously, there is always an uncertainty regarding the extent to ' which a surrogate test species,
such as the honey beg, 19 a sensitive indictor of the many other species # reprosents. Data currently avalable
suggest that adult non-4dpis bees are simular in pesticide sensitivity to. 4. mellifera when bodyweight is
taken mio account. This conclusion 1s based on the analysis of a data set composed mainly of test results
for pesticades of older chenustries, so some caution may be in order when considering compounds of new
chemical classes. Figure 8.1 shows the relative toxiciiy {contact LDS0 pormabived o | g body weight) of 21
pesticides to bumble bees and solitary bees 1 comparison to the honey bee. Figure 8.2 depiets the decline
toxicity of resudues on {oliage for boney bee adults compared to the sobitary alfalfa leafoutter boe (Meouchile
motundata) and the alkali bee (Nomia melanderi). Figure 8.3 depicts the medign lethal doses of sprayed
residues of four pesticides (clothianidin, inudacloprid, lambda cvhalothrin, and spinosad) to 4. mellifera M.
ratunduta, and Usmia lignaria. These data suggest that the toxsoty of these pesticides falls within an order
of magnitude of the values for 4. mellifera. This indicates that an assessment factor of 10 may be adequate to
account for interspecies differences in sensthivity when acute toxicity values for honey bees are used o risk
assessments.

10000
Bombus terrestris 210 mg
4 ﬁﬁ(l\
iz Bombus fucorum 210 mg
100
A Bombus agrorum
Z (pascuorum) 120 mg
.:5_’ Megachile rotunddia
: o ' 86.6 mg -
0.01 1 100 10000 osmia lignAfia 80 mg
i y
melanderi 30.8 mg,
.04 W
Apis mellifera {g/g bee &
s ©
FIGURE 8.1 Comparison of the contact toxicity (L1350} of 21 pesticides to adults of Apis mellifera, three species of
the social bee Bombus and three species of solitary bees (Osmia, Megachilidae, and Nomia). Points below the Hiagonal
line indicate greater sensitivity than dpis mellifera, while points above the diagonal line regresent lower selsitivity than
Apis mellifera (Johansen et al,, 1983). (For a color version, see the color plate section.) w
E
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FIGURE 8.2 Comparison of the toxicity of pesticides to adults of Apis mellifora with the solitary bees Megachile
rotundata and Nomia melanderi based on time for sprayed residucs to decline to a concentration causing 25% or less
mortality. Points below the diagonal line indicate greater sensitivity than Apis mellifera, while points above the diagonal
line represent lower sensitivity than 4. melfifera (Johansen et al., 1983}, (For a color version, see the color plate section.)

As part of the problem formulation for an ecological risk assessment, risk assessors and risk managers can
consider whether testing should include non-dpis species, such as when evidence or information suggests
that the honey bee 1s not likely to be a reasonable surrogate for a crop, landscape, or region owing primarnly to
concerns regarding marked differences 1n potential exposure rather than 1n toxicity per se, that 13, susceptibility
rather than sensitivity. When selecting species to be used m the Taboratory, it 13 important to consider thew
availability, ease of handling, and survival under controlled laboratory conditions. Therefore, itis recommended
that both relevance (1o a risk assessment and attendant protection goals) and sensitivity and suscephibility are
considered when determining whether to employ non-4pis species in an assessment.

1000
£ o
g S
jo FO0 T
(]
o=
2
i
¢ . Bombus impaliens
g A0 i
% 1 Osmia
£ Megachile
[22]
a 10 100

LDEG spraved residue ppm honey bee

FIGURE 8.3  Comparison.of the toxicity (LD50) of sprayed residues of clothianidin, imidacloprid, lambda-cyhalothrin
and spinosad to adults of Apismellifera, Megachile rotundata, and Osmia lignaria (Scott-Dupree, personal commumica-
tion). Points below the diagonal line indicate greater sensitivity than 4. meflifera, while points above the diagonal line
represent lower sensitivity than 4. mellifera (Johansen et al., 1983). (For a color version, see the color plate section.)

by
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Owing to differences i potential exposure, non-dpis bees may provide a means of examming the potential
cffects of these differences in the susceptibility of a species. For example, honey bees are capable of foraging
over long distances and may have a wide range of forage available to them. However, non-Apis bees, for
example, orchard mason bees (0. lignaria}, are imited in the arca m which they forage and may be confined
to a particular treated area where the likelihood of exposure is increased.

8.7.1 Non-Aprs Bee Testing Meroops

As discussed earhier, toxicity tests mtended to support regulatory decisions typically involve highly standard-
1zed testing protocols and rely on test species that are readily available and lend themselves to testing under
Isboratory conditions. The test species must be available in large enough numbers and have well-defined
husbandry conditions to support replicate testing and thrive under specified test conditions used to exanune
particular routes of exposure. As with honey bees, the endpoints measured in toxicity tests with non-Apis bees
have frequently focused on lethality: measures of sublethal effects on non-4pis bees would require sipular
linkages to assessment endpoints as those identified for honey bees. The development of these linkages may
be more challenging though, as sublethal effects on ndividual solitary bees may have a considerably different
impact at the population level than similar effects to social bees that form large colonies where the colony
may have sufficient redundancy to buffer it from such effects.

The sccial non-dpis bee species most readily manipulated in the Jaboratory are the genera Bombint and the
Mehponim {(stingless bees). Some Bombus species are also readily available as they are used m commercial
pollination of greenhouse crops. Several laboratory stadies with non-4pis species have been published which
reflect a range of methods (Table 8.2). As mentioned earlier, the ability of one non-4pis bee species to act as
a surrogate for others mvolves the ready availabality, and ability for that species to tolerate testing conditions.
This then would indicate that the husbandry needs of that organism are well understood.

8.7.2 Non-Apris Larval TeESTING

Although toxicity testing with some species of adult non-Apis bees have been reported with some fre-
quency, published laboratory studies conducted with non-4pis larvae are more limited, these are listed below
(Table 8.3).

8.8 SUBLETHAL EFFECTS AND TEST DEVELOPMENTS

Sublethal effects are defined as reactions o an exposure not causing death. As discussed, while not
specifically designed for such, current acute tests nclude the recording and mea- suring of sublethal
effects. The laboratory-based (10-day) chrome study, however, 18 designed (e, longer exposure duration)
with the mtent of providing more specific information on sublethal effect. Beyond these, experimental
research published in the open hiterature hias gone further mito mvestigating sublethal effects of pesticides to
bees. This research has revealed msights on physiclogy and behavior (Desneux et al, 2007). Most
experimental research regarding the behavioral effects of pesticides on bees has oocurred over the last

10 years. While these test methods and results are of potential significance, further work is needed not only
to standardize test methods but alseto be able to understand the impact of a sublethal effect in the context
of the whole colony. A sublethal effect at the mdividual level 1s only relevant to protection goals when it can
be linked to a resulting ctfect at the colony le$el. This section discusses some of the methods that have been
developed to measure the potential sublethal effects of pesticides on honey bees.
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TABLE 8.2

Published Laboratory Tests with Mon-4pis Bees and Associated Methodslogies

Species

Megachile rotundata
Osmia lignaria

M. rotundaia

Bombus impatiens,
M. rotundata,

O. lignaria

M. rotundata (4—
S-day-old
aduolts);, Nomia
melanderi (2-3
weeks old)

O, lignaria

N. melanderi,
M. rotundata

M. rotundata

Bombus terrestris

Oral

Individually housed adult
bees with access to plastic
ampoule contamning
pesticide inserted at base
of pertwinkle flower

87-90% success rate

Group feeding of 10 newly
emerged bees on 1 mL

Individually fed using flower
{cherry) method

For delayed activity fed on
fresh sucrose

Placed mto tabes mserted in
caps of glass vials with
mdividual bees,
group-housed after dosing

Individually dosed and then
group-housed

Contact

{. Darect application— held

at 25°C for 20 minutes io
redace activity, | pl.
applied to dorsal thorax
2. Filter paper soaked.in
pesticide and dited
Contaect with treated filter
paper

Direct application to
mesoscuium

Cooled to 4°C before dosing,
1l applied to thorax

Darect application to dorsal
thorax

1 ul applied to thorax of
males and females
11l applied to ventral thorax

Reference

Ladurner et al., 2003, 2008

Huntzinger et al,, 2008

Scott-Drupree et al., 2009

Maver et al,, 1998

Ladurner et al.. 2005

o)

Johansen et al., 1983

Tasei et al.,, 1988

Thompson, 2001

8.8.1

Proposcis EXTENSION Besponst I LABORATORY

When a bee lands on a flower, it extends its proboscis as a reflex stimulated by nectar. This reflex leads
to the uptake of nectar and mduces the memornization of the floral odors diffusing concomitantly. Thus, the
memorization of odors plays.a prominent role 1n flower recognition during subsequent forage trips by the
same wdividual (Menzel et al., 1993}, Under laboratory conditions, learning and memory can be analyzed
using a bioassay based on the olfactory conditioning of the proboseis extension response (PER) on restramed

wndividuals.
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TABLE 8.3
Larval Test Methods for Non-4pis Bee Species

Species Test Elements

Osmia lignaria Heos ratsed on treated pollen
in 24-well cultare plates;
covoons overwintered and
emerged 29°C

Eggs collected from leaf
tunnels, separated mto

Megachile rotundata

96-well plates and dosed
pollen; cocoons
overwintered and emerged
FOVISHIMS In

Osmia cornuta Eggs plased on

gelatin capsules, Tpd.
applied to surface of
Provisions
M. rotundata Leaf envelope opened and
provision dosed
Nomia melanderi, Fggs and young larvae
directly dosed
Male immature stages, dosed
pollen provision
Larvae kept 10/egg cup with
three adults 28°C, and
30% relative humidity,
tested -, 4- and 6-day old
larvae, fed treated pollen
dough or sucrose 24 hours,

M. rotundata
M. rotundaia

Rombus terrestris

Measgrement Endpoints

Timing and completion of
tarval development;
mortality; emergence, sex
and weight

Timing and completion of
larval development;
mortality; emergence, sex
and weight

Mortality

‘Weight of emerged adulis
Completion of gocoons
Mumber developing: cocoon

completion
Mortality

Reference

Abbott et al, 2008;
Tesoriero et al., 2003;
Peach et al., 1995

Abbott ef al., 2008

Tesoriero et al., 2003

Peachetal, 1995

Johansen et al., 1983

Taset et al., 1988

Gretenkord and Drescher,
1996

2d6ram< 18%mm

The PER assav 1s based on the temporal pawed association of a conditioned stimulus (CS) and an

unconditioned stimulus (US). During conditioning, the PER 1s ehicited by contacting the gustatory receptors
of the antennae with a sucrose solution (15} while an odor (C8) i3 sumultaneously released. The proboscis
extension s immediately rewarded (Reward R by the uptake of the sucrose solution. Bees can develop
the PER as a conditioned response (CR) to the odor alone after even a single pairing of the odor with a
sucrose reward.

The PER assay with restramed workers has been used to mvestigate the behavioral effects of a number of
pesticides (Decourtye et al., 2002 Weick and Thorn, 2002; Abramson et al., 2004; Decourtye et al., 2004).
An acute exposure to a test compound can be applied before, during, or after the PER conditioning, and
long-term scenarios may be explored with this method for compounds that are expressed m the pollen and
nectar. The PER assay has been used o mvestigate how a chemucal treatment can mterfere with medium-term
(Decourtye et al., 2004) or long-term olfactory memory (1 Hassani et al., 2008). PER tests have recorded
reduced learning performanses for bees after 11 days of treatment with msecticides administered orally
(Decourtye et al., 2003) and topically (Alicuane et al., 2009).
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PER assays can provide useful information that can he related to the memory and olfactory discrimination
abilities of free-flying foragers. However, there 15 uncertatnty regarding the extent to which the PER assay
reflects what would oceur under more typical settings {e.g., the bees are not restrained, or the exposure
15 not constant). PER testing that results i statistically sigmificant effects on olfactory learning should be
followed up with additional testing, for example, semi-field testing using intact colonies and tests such as
those described in Chapter 9.

8.8.2 Arrmician Frowers v Sevii-Fiees Cace

Olfactory processing can be investigated using free-flying foragers visiting artificial flower feeders. The use
of artificial flower feeders simulates a natural foraging situation more closely than does the laboratory tests
on restramed worker bees using the conditioned PER procedure.

In artificial flower experiments, a nucleus colony (about 4000 workers and a fertile queen) 13 placed in
an outdoor flight cage. Fach artificial flower feeder 13 a plastic Petri dish contaiming glass halls (allowing
landing of foragers on the feeding sites) and filled with a sucrose solution that 15 o1 13 not treated with the test
chemical. To linut the influence of visual or spatial cues, the artificial feeder 13 rotated slowly (e.g., rpm}, and
an odorant (e.g., pure hinalool) 1s allowed to diffuse. The device 1s placedn front of the hive entrance. The
conditioning (pairing odor or sucrose reward) 15 conducted for 2 hours on the first day. Testing is then
carried out on the following days. For cach observalion event, the number of forager visils on either the
scented sites or the unscented artificial flowers, 15 recorded. (For a more detailed List of design elements for
the artificial flower experiment, please see Appendix 3.}

The companison of responses of honey bees before and after exposure to the test chemical on the same
colony 18 a potential imitation. Moreover, there are many unknown points, such as reliability, and sensitivity
to large panel of pesticides with various modes of action. Another uncertainty 1s the actual exposure to
mdividual bees, as bees are not restricted in the length of time they feed at the artificial flowers. Therefore, it
1s very difficult to characterize the concentration-response relationship.

8.8.3  ViisuaL Learning Peavormance in A Maze

Orientation performance of bees in a complex maze relics on associative learning between a visual mark and
a reward of sugar solution. In a visual learning performance maze, bees fly through a sequence of boxes to
reach a feeder contaning a reward of sugar solution. The path through the maze spans a number of boxes,
mecluding decision boxes (i.e, a box with three holes, each in a different wall, where the bee enters through
one hole and 1s then expected to choose between the two other holes), and non-decision boxes (1.¢., a box
with two holes, each n a different wall where the bee entered through one hole and is then expected to leave
through the other hole) (Figure 8.4).

During conditioning, bees are ¢ollectively trained to associate a mark (designating the correct hole/path)
with food. To that end, an identical mark 15 fixed in front of the correct hole/path as well as the sucrose
solution feeder outside the maze for T hour After conditioning, the capacity of an individaal bee to negotiate
a path through the maze 1s tested. Anobserver notes the number of correct and incorrect decisions, and then
number of turns back. Finally, the bees are captured and placed m reaning cages equipped with a water supply
and sugar svrup. Oral delivery of the treatment chemical is via the sucrose solution (50% w/w) available to
the bees. After consumption of the treated sugar solution, and a starvation period, the bees are released at
the test maze entrance. The effect of the treatiment solution on performance is then compared with that of an
untreated sucrose solution,
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Decision boxes ecision boxes

Correct path -------- Incorrect path

Path 1 Path 2 Path 3

Path 4 Path 5 Path 8

FIGURE 8.4 Mave paths used before, during, and affer treatment: Path 1 was used for the conditioning procedure and
other paths were used for the retrieval tests. Each path started with the entrance (B), contained three decision boxes, six
no-decision boxes, and finished with the reward box (R).

Menzel et al. (1974) demonstrated that honey bees in {light can associate a visual mark to a reward and
this associative learning 1s used by bees to negotiate 2 path in a complex maze (Zhang et al,, 1996). After
treatment with a sublethal dose of a chermical, the anlity of bees to perform the task can be impaired compared
to untreated control bees {(Decourtye et al,, 2009). The maze test relies on the visual learning of foragers
i refation to navigation. However, while the maze tegt has demonstrated neurotoxic effects with pesticides,
there are insufficient data at this time to determine whether the test will provide useful mformation for
chenmecals with other modes of action. Additionally, bee navigation n the field relies upon several guidance
mechanisms, {e.g., position of sun, magnetism, ¢t¢.), whereas m the maze test, performance 13 based on the
use of a hmited number of pertinent cyes. Additional experiments are needed to establish whether effects on
maze performance reflect what may actually occur when foragers are exposed to pesticides in the field and
are then confronted with complex environmental cues. (For a more detailed discussion of Visual Learning
Test, please see Appendix 4.)

8.8.4 Rapro-Freouency-Ipenrtroation-Tacorp Bers 1o Measure Foracing Brravior

Expenmental test situations have béen designed in relation to feeding behavior and social communication
{(Schnicker and Stephen, 1970; Cox and Wilson, 1984; Bortolotti et al., 2003; Yang et al., 2008). Initial
experiments that looked at ficld-level navigation were limited by the number of individual bees that could be
simultaneously monitored (using bees marked with paint or colored number tags). To address this limitation,
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automated tracking and identification systems have been developed using radio frequency (RF) transponder
technology. The use of ransponders has the potential to revolutionize the study of msect hife-history traits,
especially in behavioral ecotoxicology.

Different ransponder devices have been employed on honey bees: harmonic radar (e-g-Riley and Smith,
2002) and radio frequency identification (RFID3(Streit et al., 2003). Currently, the RFID tags seem to be the
technology offering the most advantages. Advantages of RFID mclude:

the large number of individual insccts that can be tracked;

the number of detections which can be monitored rapidly and simultaneously (mifliseconds);
limited transpondence interference from matrices such as propolis, glue, plastic, or wood;

absence of the need for time-consuning visual observations; and,

reduced disruption to bee behavior given the small size of the RFID tags compared to what is needed
for harmonic radar tracking.

Using this test technology, the experimental colony 13 mamtained i an outdoor tunnel. A feedes, placed
away from a hive can deliver sucrose solution. A tag-equipped bee passing underneath the reader 1s Wdentified
by the reader and is sent to a database with real-time recording. By passing underneath the reader, both at
the hive and at the feeder, the foraging bee 1s monitored twice, thus determining the direction of target and
the travel time between the two recording points. The reader software regords the identification code and the
exact time of the detection in a database for later analysis of spatial and temporal information. Such analyses
may nclude time spent within the hive, the time spent at the feeder, the time spent between the feeder and
the hive, the number of entries 1nto and exits from the hive, and the number of entries into and exits from the
feeder.

RFID devices allow the study of both the behavioral traits and the hifespan of bees, especially under
biotic and/or abictic stress. However, the large quantity of data ohtained writh this techmque requires
an nterface for analyzing the data and providing the hfe-history traits of mdividual bees. Under serm-
field conditions, RFID} microchips have provided detectable effects due to exposure to an insecticide
(Decourtye et al., 2011). (For a2 more detailed discussion of the RFID experimental test design, please see
Appendix 5.)

8.9 CONCLUSIONS

Participants of the laboratory testing workgroup believe that harmomzing tier testing among regulatory
authorities n different countries would facilitate greater precision i risk assessment for candidate
agrochemicals. Although laboratory acute, and sub-lethal toxicity tests are currently available for evaluating
potential effects of chemicals on adults and larval bees, no agreement exists among different countries on
which tests to mclude for further development. The overall efforts of the Workshop reflect the belief that an
adequate risk assessment process, as. well as the data needed to inform such a process for bees, must account
for systemically active pesticides, m addition to foliar apphed pesticides and that parallel testing of active
mgredients and end-use formulations in Tier 1 studies would offer further improvement. The participants
dealing with laboratory festing maprovements agreed that priority should be given fo developmg the adult
chronic laboratory test (see Appendix 1), and the larval in vire test for apphication as a standard Tier 1 study
within regulatory frameworks. Participants also agreed that the regulatory testing framework should
meorporate sub-lethal endpomts (e.g., changes m behavior or body condition) at the individual and/or the
colony level; and, that further research to link observed (sub-lethal) effects at the mdividual-level (adult and
larval) to apical end pomnts at the colony level should be given a high research priority (see Chapterl4).
Participants also agreed that the honey bee may not be an adequate susrogate for many non-Apis bees and
that there exists other species, available for wclusion m testing, which may provide a reflection of the
broader potential bee/pollinator sensitivity to pesticides. Consequently, participants agreed that efforts
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should be made to expand the range of test species to nclude two or more non-Apis hees m a pesticide nisk
assessment framework for pollinators.
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